The enantioselective Henry reaction catalyzed by the optically active salen-cobalt complexes, proceeded to afford bhydroxynitroalkanes in good-to-high yields with high enantioselectivity.
The Henry reaction 1 is one of the most convenient reactions for direct carbon-carbon bond formation 2 without any pretreatment to afford b-hydroxy-nitroalkanes, and the resulting b-hydroxynitroalkanes can be further converted to amines by reduction 3 to carbonyl compounds by the Nef reaction 4 and to nitroalkenes by dehydration 5 etc. 6 Since the catalytic enantioselective version of this reaction was first reported by using heterobimetallic lanthanide BINOL catalyst systems 7 various complex catalyst systems have been successfully released; e.g. copper/bisoxazoline complexes, 8 dinuclear zinc complex catalysts, 9 etc. While seeking for catalytic activities of ketoiminato cobalt complexes, they were found to work as chiral Lewis acid catalysts for hetero Diels-Alder reaction 10 and carbonyl-ene reaction. 11 Although these type of cobalt complexes were prepared in aqueous solution 12 and their axial sites were both occupied by water molecules or oxygen-containing compounds, such as THF, 13 they could be employed as novel Lewis acids compatible with Lewis bases, such as water, nitrones, 14 and amines. In the previous communication, it was reported that enantioselective Henry reaction was catalyzed by these cobalt complexes in the presence of tertiary amine to obtain b-hydroxynitroalkanes in high yields with good-tohigh enantioselectivities. 15 As the similar salen-cobalt complexes developed for hydrolytic kinetic resolution 16 were also compatible with nucleophilic compounds, such as water and phenols, 17 it is expected that they could be employed as efficient catalysts for enantioselective Henry reaction in the presence of tertiary amine bases. In this article, we would like to describe that the enantioselective Henry reaction was catalyzed by the optically active salen-cobalt complexes (Figure 1 ) to afford the b-hydroxynitroalkanes with good-to-high enantioselectivities. Examination of several salen-cobalt complexes revealed that the commercially available salen-cobalt complex 1a or its derivative 1b worked as the efficient catalyst for the enantioselective Henry reaction. Various aldehydes were then applied to the enantioselective Henry reaction with nitromethane in the presence of diisopropylethylamine (Table 1) .
Although the nitroaldol reaction of benzaldehyde proceeded to afford the corresponding b-nitroalcohol in poor yield with 62% ee (entry 1), p-chlorobenzaldehyde afforded the corresponding b-nitroalcohol with 88% ee (entry 2). It was observed that ortho-halo substitution improved the enantioselectivities in the reaction of o-chlorobenzaldehyde, o-fluorobenzaldehyde, and o-trifluoromethylbenzaldehyde (entries 3, 5, 7, 9 and 10). When the catalyst 1b was used in the reaction of o-halobenzaldehyde, the optical yield was improved compared with the reaction by the catalyst 1a (entries 4, 6 and 8). In the Henry reaction of ortho-halo-substituted benzaldehydes, 2,3-dichlorobenzaldehyde (2g), 2,4-dichlorobenzaldehyde (2h), and 2,3,5-trichlorobenzaldehyde (2i), the corresponding b-nitroalcohol was obtained in quantitative yield with high enantioselectivity (entries [10] [11] [12] . The alkanal, such as 3-phenylpropanal, also reacted with nitromethane in the presence of the cobalt-salen complex 1a to afford the corresponding b-hydroxynitroalkane with high enantioselectivity, 93% ee (entry 13).
In conclusion, it was found that optically active salen-cobalt complexes effectively catalyzed the enantioselective Henry reaction of various aldehydes to afford the corresponding b-hydroxynitroalkane in good-to-high yields with high enantioselectivities.
Melting points were measured on an Electrothermal IA9100 apparatus and are uncorrected. IR spectra were recorded on a JASCO Model FT-IR-410 spectrometer as KBr pellets or as liquid film on NaCl.
1 H NMR and 13 C NMR spectra were measured using a JEOL Model GX-400 spectrometer with CDCl 3 as solvent and TMS as internal standard. High-resolution mass spectra were obtained with a Hitachi M-80B. For the thin-layer chromatography (TLC) analyses,
Merck precoated TLC plates (silica gel 60 F 254 , 0.25 mm) were used. The products were purified by preparative column chromatography on silica gel 60N. HPLC analyses were performed using a Shimadzu LC-6A chromatograph with an optically active column (Chiracel OB-H, OD-H, and Chiralpak AD-H columns, Daicel Ltd., Co.); the peak areas were obtained with a Shimadzu Chromatopack CR-4A or a Varian Dynamax MacIntegrator. Optical rotations were measured with a JASCO DIP-370 digital polarimeter.
Preparation of b-Nitroalcohol; Typical Procedure
Under an anhyd nitrogen atmosphere, a CH 2 Cl 2 solution (1.0 mL) of 2-fluorobenzaldehyde (62.1 mg, 0.5 mmol) and nitromethane (1.0 mL, 18.5 mmol) was added to a CH 2 Cl 2 solution (2.0 mL) of cobalt complex 1b (7.02 mg, 2.0 mol% against aldehyde) at -78 °C and the mixture was stirred for 18 h. After removal of the solvent, the residue was purified by column chromatography 18 on silica gel (hexane-EtOAc, 4: 1) to obtain the corresponding nitroalcohol, 1- 
